The benefit of intra super-channel nonlinearity mitigation reduces with increasing subcarrier count within the super-channel (higher net data-rate), with the maximum reach improvement, compared to linear compensation, of 150% for single-carrier 240Gb/s PM-16QAM.
Transmission setup
shows the transmission setup, where PM-16QAM super-channels were modeled as central channels, at a fixed baud-rate of 30Gbaud, employing 1-carrier (1C-PM16QAM, 240Gb/s), 2-carriers (2C-PM16QAM, 480Gb/s), and 5-carriers (5C-PM16QAM, 1.2Tb/s) configurations -termed as super-channels from now on. The spectral width for each super-channel structure was fixed to 37.5GHz, 75GHz, and 187.5GHz, respectively. Linear crosstalk within the super-channel was minimized by digital spectral shaping (practical filter roll-off of 0.2), and optimization of subcarrier spacing (fixed at ~1.15 × baud-rate). In order to emulate a flex-grid network upgrade scenario, 120Gb/s PM-QPSK neighboring channels (×12) were considered, operating at the conventional spectral-grid of 50GHz.
The signals were multiplexed, and propagated over standard single mode fiber (dispersion: 16.8 ps/nm/km, dispersion slope: 0.058 ps/nm 2 /km, attenuation: 0.21 dB/km, and nonlinear coefficient: 1.14 1/W/km). The link consisted of 80 km spans, no inline dispersion compensation and single-stage erbium doped fiber amplifiers with a noise figure of 5dB. At the centre of the link, spectral inversion (SI) stage was employed, in case simultaneous linear and nonlinear compensation is switched on, where the transmitted channels were de-multiplexed, and the super-channel was ideally spectrally inverted, preceded by a ~60km dispersion compensation module to enable nonlinear link symmetry [9] . Note that, in case of 2/5-carrier super-channel SI, symmetric wavelength shift SI may be obtained [11] . Also SI with <0.5dB penalties have been shown [5] . At the receiver, coherent channel selection was employed, and impairments were digitally compensated using conventional digital signal processing blocks, clock recovery, frequency domain dispersion compensation (in case of linear compensation only), polarization demultiplexing, and carrier recovery. After symbol decisions, the performance was assessed by direct error counting (~400000bits). 
Results and discussions
In Fig. 2a , we show the performance after 1280km for various super-channel configurations, i.e. 240Gb/s 1C-PM16QAM, 480Gb/s 2C-PM16QAM, and 1.2Tb/s 5C-PM16QAM, both after linear compensation only (LC), and after linear and nonlinear compensation, termed as intra super-channel nonlinear compensation, (INLC). The launch power of neighboring traffic is fixed to 0dBm, and launch power of per super-channel sub-carrier is varied. It can be seen that, in case of LC, as the number of sub-carriers is increased within the super-channel (higher super-channel data-rate), the Q-factor is slightly degraded, within 0.5dB, with performance mainly limited by inter and intra super-channel nonlinearities. This behavior may be simply attributed to increased inter-channel crosstalk due to tightly spaced sub-carriers, in case of super-channels with higher data-rates. In case of INLC, it is clear from the figure that as the number of sub-carriers increase, the performance improvement from INLC is substantially reduced, and that the maximum performance after INLC is limited. The above observations may be explained together by considering that since the co-propagating traffic is operated at a fixed power, emulating a flex-grid network upgrade scenario, as the launch power of the super-channel is increased, the performance is eventually limited by intra super-channel nonlinearities, and their compensation via SI enables performance improvements. However, the transmission performance is then limited by nonlinear signal and noise interactions, which are intrinsically nondeterministic, thus not compensable by SI. Although such limits have been known before [12] , this result is counter-intuitive since wide-bandwidth nonlinearity mitigation is expected to perform better than narrowbandwidth nonlinearity mitigation. This can be explained considering that the impact of such nondeterministic distortions is higher for high data-rate super-channels because of higher total power per super-channel structure. Fig.  2b , 2c and 2d qualitatively show the constellations, at optimum power after INLC, for 1C/2C/5C-PM-16QAM super-channels, respectively where it is clear that INLC performs the best for 1C-PM16QAM. It is also worth mentioning that although we presented maximum performance gains in Fig. 2 , in case the super-channel is required to operate at power lower than its optimum, due to network power allocation strategies, even then ~2dB performance margins are visible for any given configuration. In Fig. 3 , we extend the analysis of Fig. 2 , establishing the maximum transmittable reach for each super-channel structure, employing both LC and INLC. As discussed earlier, both after LC and INLC, 1C-PM16QAM enables the maximum transmission reach, and the relative improvement after INLC, compared to LC, is found to be 150%, 100% and 65% for 1C/2C/5C-PM16QAM, respectively. Moreover the maximum transmission distance that can be bridged with PM-16QAM, after INLC, is found to be ~2000km (see inset). Note that the improvements are reported at BER of 10 -3 since higher pre-FEC threshold (BER of 2×10 -2 ) is typically used for system margin allocations. Our results suggest that the maximum reach is not only dependent on the modulation format itself, but also on the extent of intra-super channel fiber nonlinearity compensation, based on the super-channel configuration.
Conclusions
We showed that the impact of intra-super-channel nonlinearity mitigation, employing 240Gb/s 1C-PM16QAM, 480Gb/s 2C-PM16QAM and 1.2Tb/s 5C-PM16QAM, reduces with increasing sub-carrier count within the superchannel, with maximum reach improvement, relative to linear compensation, of 150%, 100% and 65%, respectively.
Our results provide a practical insight into various flex-grid network upgrade options, establishing performance regimes for different super-channel configurations, employing both linear and intra super-channel nonlinearity compensation, and confirm that although intra super-channel nonlinear mitigation may enable substantial reach improvements, its potential to bridge medium to long-haul distances is dependent on the super-channel granularity. 
